OBJECTIVE-Ethnic minorities with diabetes typically have lower rates of cardiovascular outcomes and higher rates of end-stage renal disease (ESRD) compared with whites. Diabetes outcomes among Asian and Pacific Islander subgroups have not been disaggregated.
RESULTS-Pacific Islander women had the highest incidence of MI, whereas other ethnicities had significantly lower rates of MI than whites. Most nonwhite groups had higher rates of ESRD than whites. Asians had~60% lower incidence of LEA compared with whites, African Americans, or Pacific Islanders. Incidence rates in Chinese, Japanese, and Filipinos were similar for most complications. For the three macrovascular complications, Pacific Islanders and South Asians had rates similar to whites.
CONCLUSIONS-Incidence of complications varied dramatically among the Asian subgroups and highlights the value of a more nuanced ethnic stratification for public health surveillance and etiologic research.
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I ndividuals of Asian origin comprisẽ 4.7% of the U.S. population (1) , and people from the Pacific Islands comprise another 0.3% of the population (2) . It has been estimated that by the year 2050, 10% of the U.S. population will be of Asian or Pacific Islander ancestry (3) . Yet, there is little systematic data collection on Asian Americans and Pacific Islanders and almost no long-term outcome studies among these ethnic groups by country of origin.
Both Asians (4, 5) and Pacific Islanders (6) have been recognized as having higher rates of type 2 diabetes than whites and other ethnic minority groups in the U.S. (3) . Explanations for this higher diabetes prevalence have included cultural, socioeconomic, behavioral, and genetic factors (4, 5) . However, among those with diabetes, it is unclear whether Asians and Pacific Islanders have similar incidence of complications relative to whites or other ethnic groups. In previous diabetes research, data for Asians and Pacific Islanders was aggregated, and this heterogeneous group had a significantly lower incidence of cardiovascular disease outcomes and lower-extremity amputations (LEAs) and higher end-stage renal disease (ESRD) rates over 2 years of follow-up compared with whites (7) . However, the insufficient numbers of individuals in each ethnic category and short follow-up time precluded examination of specific subgroups.
We disaggregated data from East Asians, South Asians, Filipinos, and Pacific Islanders from a large, diverse cohort of diabetic patients enrolled in the Kaiser Permanente managed care organization in northern California and determined the incidence of major diabetes complications after~7 6 3 years of follow-up or 413,500 person-years. We compared the risk of each complication in four separate Asian groups and Pacific Islanders with that in whites, African Americans, and Latinos after adjusting for several potential explanatory factors. We hypothesized that the incidence of complications will differ significantly between each specific Asian and Pacific Islander subgroup compared with whites, and aggregation of all Asians together obscures this variation.
RESEARCH DESIGN AND METHODS-The study sampling frame was derived from a well-characterized population with diabetes in the Kaiser Permanente Northern California Diabetes Registry (n =~225,000) (7). Kaiser Permanente Northern California is a fully From the 1 integrated health care delivery system that provides comprehensive medical care to .3 million members (30% of the catchment area). Except for the extremes of income, the demographic characteristics of the patient population are similar to those of the overall population of the region.
During 1994-1997, all noninstitutionalized Diabetes Registry members aged .19 years were mailed a questionnaire or contacted for a computer-assisted telephone interview in English, Spanish, Mandarin, or Cantonese (n = 95,953). After excluding those who denied having diabetes and those who had left the health plan, there were 81,286 eligible individuals for survey administration. Of these, 69,722 (86%) completed the survey. We excluded another 5,511 people with unknown race/ethnicity, mixed racial/ethnic background, or those belonging to racial/ ethnic groups with insufficient size for analysis (e.g., Vietnamese, Koreans, and Indonesians), leaving a total study population of 64,211 individuals. In our analyses, we present each racial/ethnic group separately and also aggregate the four Asian groups (Chinese, Filipino, Japanese, and South Asian) together to address our hypothesis.
Measures
Race/ethnicity of the respondents was based on self-report. Socioeconomic status was captured by self-reported educational attainment. Neighborhood deprivation index was calculated using the 1990 U.S. Census with a validated methodology. Limited English proficiency, categorized as always or often having problems speaking and/or understanding English, was categorized using administrative records. Behavioral variables included current smoking status and alcohol use and whether the subject reported using exercise to treat their diabetes at the time of the survey. BMI was calculated based on self-reported height and weight at the time of the survey. We calculated multi-interval, continuous-medication gaps, a well-validated metric of medication adherence (percentage of time without sufficient medications) based on pharmacy utilization for oral glucose-lowering medication.
We determined type and duration of diabetes and family history of diabetes. We assessed a history of hypertension using a self-reported measure and pharmacy records for antihypertensive drug use. HbA 1c levels, LDL cholesterol, HDL cholesterol, triglycerides, microalbuminuria, and estimated glomerular filtration rate (eGFR) were ascertained from Kaiser's regional laboratory within 1 year of baseline individual survey date.
Outcome measures
We evaluated the incidence of five diabetes complications: myocardial infarction (MI), congestive heart failure (CHF), stroke (ischemic or hemorrhagic), ESRD, and nontraumatic LEA over 7 6 3 years of follow-up. The ICD-9-CM codes listed as either the primary hospitalization discharge diagnosis or the ICD-10-CM code for underlying cause of death on the death certificate were used to identify MI, CHF, and stroke (Supplementary Data). ESRD was identified from Kaiser Permanente's ESRD treatment registry or defined by chronic renal failure listed as the underlying cause of death on the death certificate. The LEA procedures were identified from discharge codes and/or current procedural terminology codes. Emergency events serviced by non-Kaiser Permanente hospitals were captured via a claims reimbursement database for outside medical services. Mortality and cause of death were ascertained with a validated program, the California Automated Mortality Linkage System. We have previously reported validation studies of these end points in this population (7).
Statistical analyses
We used a direct adjustment method, with the whole diabetic cohort as the standard population to determine ageand sex-adjusted incidence densities for each outcome by race. The incidence densities are presented as the number of events per 1,000 person-years with 95% CIs. We calculated age-and sex-adjusted rates and fully adjusted rate ratios comparing each ethnic group to whites using Poisson regression for those with complete data.
Cox proportional hazards models were specified to calculate adjusted hazard ratios (HRs) for each ethnic minority group versus the reference category (whites). We excluded individuals with a prevalent history of the same diagnosis for each of the outcomes analyzed, focusing only on incident events. We pooled the data for men and women because the interaction between ethnicity and sex was not significant for all outcomes except for MI. We specified a series of Cox regression models in sequence to assess potentially explanatory variables after verifying that there were no violations of the proportionality assumption. First, we created a base model that was adjusted for sex and age (demographic model). Then, we added socioeconomic factors (education, English-language proficiency, and neighborhood deprivation score) for the second model (SES model). The third model added BMI. A fourth model (behavior model) added smoking status, alcohol intake, self-reported use of exercise as a treatment for diabetes, and medication adherence for oral diabetes medications. The fifth and final model (clinical model) added characteristics specific to diabetes to the behavior model, including type of diabetes, diabetes duration, hypertension history, baseline HbA 1c (,7, 7-8, 8-10, and .10%), LDL cholesterol (,100 vs. $100 mg/ dL), elevated urinary albumin excretion (microalbuminuria or proteinuria vs. normoalbuminuria), and chronic kidney disease stages based on standard cut points for eGFR.
Not all study participants answered all the relevant survey questions. Moreover, in the beginning of the study (1996) , the clinical assessments (LDL cholesterol, HbA 1c , and others) were not collected as frequently or routinely as is common today. Because the analyses were restricted to complete cases, which can introduce bias if the data are not missing completely at random, we used a multiple-imputation method to replace the missing variables of our study. We used the Markov Chain Monte Carlo method (8) , which assumes multivariate normality to impute all missing values to make 10 complete datasets, as implemented in SAS Proc MI. After the 10 complete datasets were analyzed using standard SAS procedures (Proc TPHREG), the MIANALYZE procedure was used to generate valid statistical inferences by combining results from the 10 analyses. In addition, we performed a sensitivity analysis using observations for which no data were missing.
RESULTS-Of 64,211 diabetic patients,~63% were white, 13% were African American, 12% were Latino, 6% were Filipino, 3% were Chinese, 1% were Japanese, 1% were Pacific Islanders, and 1% were South Asians. There were a total of 6,901 (11%) Asian participants in aggregate and an additional 593 (1%) Pacific Islanders included in this analysis. The total follow-up time was~413,500 person-years or a mean of 7.2 6 3.3 years from 1996 to 2006.
Each of the eight ethnic groups werẽ 50% women, except for the Chinese (42% women) and South Asian (30% women) groups (Table 1) . Mean age differed somewhat by ethnicity, with Japanese respondents being oldest (aged 62 6 11 years) and South Asians being the youngest (aged 53 6 11 years). College graduation rates were highest among South Asians (55%), Filipino (47%), Chinese (37%), and Japanese (33%) and lowest among Pacific Islanders (14%) and Latinos (12%). There were high proportions of African Americans (47%) and Latinos (31%) living in the most deprived neighborhoods. Chinese Americans (33%) were most likely to have limited English proficiency. The average BMI was similar for whites, African Americans, Latinos, and Pacific Islanders (~30 6 6 kg/m 2 for each) and lower for the other four Asian subgroups (mean 25-26 kg/m 2 per group). The prevalence of smoking was highest among African Americans (16%) and Pacific Islanders (14%) and lowest among the Chinese and South Asian (#5%) groups. The mean duration of diagnosed diabetes was similar for whites, African Americans, Latinos, and Japanese (10 6 10 years for each group) but lower for Chinese (9 6 11 years), Filipinos (8 6 8 years), Pacific Islanders (8 6 9 years), and South Asians (8 6 7 years). More than half of all participants in each ethnic group were using oral hypoglycemic medications for diabetes treatment, had a family history of diabetes, and had hypertension.
We calculated the crude and age-and sex-adjusted incidence rates per ethnic group for each of the five diabetes complications (Table 2) . We also show the aggregated rates of the four Asian subgroups together for comparison with the individual Asian subgroups. The fully adjusted rate ratios comparing each ethnic group to whites are displayed. The table shows the HR (95% CI) for each ethnic group compared with whites for each of the diabetes complications.
There were a total of 6,088 people with incident MI during the follow-up period. The aggregated Asian incidence rate (10.8 [95% CI 9.9-11.8]) completely obscured the wide range of rates across the four Asian subgroups. The highest incidence of MI occurred in Pacific Islanders (18.5 [14.3-23.5 ] per 1,000 personyears), and the lowest incidence was in Chinese (9.2 [7.7-11 .0] per 1,000 personyears). After age and sex adjustment, the rates were attenuated, but Pacific Islanders had the highest incidence of MI (10.1 per 1,000 person-years) of all groups, whereas Japanese (3.3 per 1,000 person-years) had the lowest incidence of MI, with whites in the middle of this range (5.9 per 1,000 person-years). These differences between subgroups persisted despite multivariate adjustment for several potentially explanatory factors (Fig. 1) . In fully adjusted models, compared with whites, most racial/ethnic groups had significantly lower hazards of MI. However, Pacific Islanders had significantly higher risk (HR 1
The total number of first-time diagnoses for CHF was 5,062 during followup. The highest age-and sex-adjusted incidence was among African Americans (5.2 per 1,000 person-years), and the lowest incidence was among Chinese (2.5 per 1,000 person-years). The range of CHF incidence rates among the four Asian groups was narrower for CHF than for MI (from 2.4 to 3.3). In fully adjusted models, there was no significant difference between African Americans, Filipinos, Pacific Islanders, and South Asians compared with whites. The risk of CHF was significantly lower for Latinos, Japanese, and Chinese compared with whites.
There were 4,825 strokes during follow-up. Similar to CHF, the age-and sexadjusted incidence was highest among African Americans, and the lowest rates occurred among Japanese (2.8 per 1,000 person-years). The fully adjusted comparison with whites showed a similar pattern as CHF, with Latinos, Japanese, Chinese, and Filipinos having significantly lower risk than whites and the other ethnic groups having similar risk to whites.
There were 2,340 new cases of ESRD. The adjusted incidence of ESRD was not uniformly higher for all ethnic minority groups compared with whites; the incidence was lower among South Asians (1.1 per 1,000 person-years) and Chinese (1.9 per 1,000 person-years) compared with whites (2.4 per 1,000 person-years) and higher among all of the other groups. Aggregating all four Asian groups together (2.9 per person-year [95% CI 2.0-4.0]) obscured the wide range of ESRD outcomes among each of the subgroups. However, after adjusting for all potentially explanatory groups of variables, the hazards of ESRD were significantly higher for each ethnic group compared with whites, except for South Asians for whom the ESRD risk was similar to whites.
There were a total of 2,291 first-time cases of LEA. The highest age-and sexadjusted incidence was among African Americans and Pacific Islanders (2.6 per 1,000 person-years for each), and the lowest rates were among Chinese and Filipinos (0.7 per 1,000 person-years for each). Compared with whites, all four Asian subgroups had significantly lower risk of LEAs, whereas risk for Pacific Islanders, African Americans, and Latinos was not significantly different than that in whites.
Restricting South Asians had incidence similar to whites, with the exception that Pacific Islander women had substantively higher MI risk. Outcomes in Filipinos were intermediate to those in the other Asian groups. MI outcomes among diabetic patients of various ethnic groups have been examined in previous studies (9) , but most have either not included several different Asian subgroups or have not disaggregated data for their Asian subgroups. Our findings are consistent with a previous report from the Kaiser Diabetes Registry with only 2 years of follow-up that found that all Asians, blacks, and Latinos had significantly lower risk of MI compared with whites after adjustment for several covariates (7). Other U.S. studies have shown higher MI rates among African Americans. Several studies from the U.K. (10) (11) (12) have compared diabetic South Asians with white Europeans, finding equal risk of MI complications between these two ethnic groups, consistent with our findings. Singaporian studies have compared heart disease between three separate Asian groups: Chinese, Malay, and Asian Indians and found that the Asian Indians with diabetes had higher heart disease risk than the Chinese or Malay (13) . Little outcome data are available for diabetic Pacific Islanders; studies from New Zealand have reported significantly (17, 18) and in the Netherlands (19), which was not apparent in our analysis possibly as a result of the small numbers of South Asians.
LEAs were significantly less common in the Asian subgroups than all other ethnic groups. Previous studies (20, 21) have identified a lower risk of diabetic foot ulcers and amputations among South Asians compared with Europeans, with potential explanations including better preservation of nerve function, peripheral vascular function, low smoking rates, and shorter height (22) . Higher rates of diabetic foot-related complications have been reported in indigenous people of western Australia compared with nonindigenous people (23) , but that study did not adjust for differences in socioeconomic, behavioral, and disease-related variables.
We were limited in using data collected from a self-administered questionnaire for many covariates and to individuals who could speak English, Spanish, or Chinese languages. Ethnicity was self-reported in narrower categories than most studies but still did not include specific nationality of origin. We did not have information about nativity, generational status, length of time since immigration to the U.S., cultural beliefs, or acculturation to the U.S., which may explain some of the differences in diabetes outcomes. We also did not have data on dietary patterns, stress, secondhand smoke exposure, and other environmental determinants of disease outcomes.
Exercise was assessed by a question asking whether the patient used exercise to treat their diabetes but did not capture intensity or frequency and may underestimate the effect of physical activity as an explanatory factor. BMI was calculated by self-reported weight and height, which may underestimate the effect of adiposity. We did not measure waist circumference, which may be a better indicator of adiposity in Asians (24) . Diabetes severity and control were measured at baseline using available laboratory data and selfreported measures. Although all participants in this study population were enrolled in Kaiser Permanente and therefore had access to medical care, we did not have data on the number of primary care visits or other health care utilization measures, which may explain the differences in diabetes outcomes. However, previous studies from this health care setting have shown uniform offering of care by ethnic group (25) . Limitations with using diagnostic and procedural codes for classification of our diabetes outcomes have been discussed previously (7) . Misclassification of outcomes should not differ by ethnic group and would tend to bias our results toward the null.
In a health care system offering uniform access to care, we found widely disparate rates of diabetes complications among the four Asian groups and Pacific Islanders. This large, diverse cohort allowed comparison of eight racial/ethnic groups, which has not been reported previously. Pacific Islander women were at highest risk of MI compared with all other groups. Similar to whites, Pacific Islanders and South Asians had high rates of all cardiovascular complications. All Asian groups had significantly lower LEA rates than all other groups. Classifying all Asian ethnic groups as a single group greatly obscures the sometimes substantial ethnic differences and may preclude identification of particularly vulnerable subgroups that deserve intensified disease management. Disaggregating Asian and Pacific Islander subgroups is imperative for disease surveillance and may enhance understanding of disease etiology.
